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CLIMATIC CHANGES 


ALFRED P. DACHNOWSKI 
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The time in which the various peat deposits of the United States 
were formed can be determined only from a joint consideration of 
glacial geology, climate, and plant remains. These reflect the 
relations between a deposit of peat materials and its environment. 
To attempt a correlation of this kind on a chronological basis, 
however, has many difficulties, which investigators in the respective 
sciences appreciate. 

The essential nature of stratigraphic differences in peat deposits 
is indicated by the nature of the plant remains and the order in 
which layers of peat material lie upon one another, that is, by the 
sequence of the vegetation units which at one time formed layers 
of plant remains in the deposit. As to the tectonic order of the 
layers or series of layers of material composing a peat deposit, 
little need be said at this time. From the standpoint of stratig- 
raphy the condition of the initial area in which a pioneer plant 
population established itself is the critical factor of greatest im- 
portance, so far as the beginning of the course of development is 
concerned. The sequence of the development may become changed 
anywhere in the course, either by changes in environmental factors 
or in plant population. These changes are all recorded within the 
deposit. In the vast majority of peat deposits the beginning of 
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development and the succession of peat materials have to do with 
the factor of water content in the original area. Usually the 
quantity of water is more frequently concerned than its salinity, 
acidity, or alkalinity. The initial water relation, by its selective 
action, determines not only the characters of the life forms which 
establish themselves as the pioneer population, but also the number 
of layers possible and the order of their sequence. 

In a preceding paper (7) it was proposed to classify peat deposits 
of whatever nature into two great primary groups, the group of 
water-laid peat deposits and the group of land-laid peat deposits, 
in accordance as they have arisen in water or on partly drained 
but relatively moist initial areas. In the water-laid peat deposits 
the bottom layers consist of materials which accumulate only in 
standing water. They contain the remains of planktonic organisms 
and macerated material from plants more or less submerged or 
floating, or which occupied the margins of the basin. Subdivisions 
of this group are given in the section which follows. In the land- 
laid group of peat deposits the origin is indicated in the mineral 
substratum by the vertical roots of plants which at one time 
occupied the area, as a well defined plant population or vegetation 
unit. The general stratigraphic subdivisions in this group are 
indicated by the order in which the vegetation units invaded and 
occupied the land area. With respect to the layers of peat material 
formed by them the order may be (1) progressive, that is, beginning 
with some member of the marsh group of peat materials until the 
deciduous or coniferous forest climax of the region is reached; 
(2) stabilized, that is, it may begin and continue in a stable forest 
climax; or (3) the order may indicate the conversion of the basal 
forest climax into marsh and finally to open water conditions by 
the influence of various environmental causes. This distinction 
between the two primary groups of peat deposits is clear cut, and 
is readily made in field work. The only possible difficulty arises 
when the plant remains have been redeposited or partially removed 
by any later action, such as erosion. Even secondary disturbances 
of this nature, however, do not invalidate the importance of the 
stratigraphic viewpoint. Its significance for correlation studies 
has been sufficiently dwelt upon elsewhere (6). 
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The following peat deposits are representative of the subdivisions 
in the land-laid group, and will be reported in another paper: 
1. The New Haven Marsh near Plymouth, Ohio (glacial Lake 
Maumee type); the peat deposit southwest of Rome, New York 
(glacial Lake Iroquois type); and the Algoma Muskeag near 
Roseau, Minnesota (glacial Lake Agassiz type). 2. The Dismal 
Swamp west of Norfolk, Virginia (Pamlico coastal terrace type). 
3. The Kankakee Marsh, between South Bend and Crumstown, 
Indiana (in the Bloomington morainic system). It will be noted 
that peat deposits are regarded here in their relative space and 
time dimensions. 

In regard to the stratigraphic units of peat deposits, reference 
may be made to Bulletin 802 (5) and left with this passing sug- 
gestion. Whatever system of classification of peat materials may 
be adopted, it will be found that for several reasons it cannot be 
carried uniformly and with constant value over so broad a territory 
as discussed here. The main difficulty arises from the unlike 
development of the vegetation unit which forms the layer of 
peat, and from modifications of the successional series in diverse 
geographic regions. Insensible gradations or phases due to varia- 
tions in composition of plant remains set a limit to the most 
refined botanical division of peat materials that can be recog- 
nized. 

Investigators approaching peat-land problems for the first 
time are apt to be influenced by the idea of permanence and fixity 
of specific limits. In a large measure this may be accounted for 
by the fact that the very recognition of such a thing as a type of 
peat material carries with it the impression of an entity, and that, 
if these characteristics are modified or supplanted by others, the 
unit in question no longer belongs to that type. The degree of 
individual difference admissible within a type is a matter of indi- 
vidual judgment. Variations exist within specific limits, but 
what these limits are is still a matter of diverse and constantly 
changing opinion, until these gradations and phases are measurably 
well established. No evidence of this sort of peat type limita- 
tion is available as yet, but the detailed application of ecological 
and instrumental methods strengthens the conviction that the 
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arrangement and naming of the different types of peat are merely 
matters of practice in field work. 

In this paper it is not the intention to furnish the numerous 
details necessary to a knowledge of the different types of peat 
material, nor is it necessary to review from a voluminous European 
literature all the widely scattered observations on types of peat 
and their variations. So far as observations indicate, variations 
of stratigraphic units represent but a temporary condition. The 
structural development of a peat deposit is characterized by the 
regular occurrence of several types of peat material in many 
different forms and phases, such as differences in the growth and 
evolution of vegetation units. These phases are connected by 
more or less constant field relations. Unquestionably many so- 
called ecological stages represent merely fragments in the develop- 
ment of a peat deposit, reactions of one plant population upon 
another. On the other hand, well distinguished types of peat 
material will not only keep their position, but will receive a much 
more neatly complete and sharper definition than they have at 
present. It is for these reasons that only major divisions of plant 
remains are distinguished in the following discussion. They have 
been adopted also wherever the differences of information are 
sufficient to occasion difficulty in applying a uniform classification 
of types of peat. The list has been summarized (5), and has been 
utilized with the addition of two new marsh types of peat found 
in Florida and California respectively, to facilitate reference be- 
tween the cross-sections of peat deposits and the text. 

The conventional signs represented in the graphic illustrations 
of the profile sections described in large part are adjusted to the 
standard of European workers and the requirements of cartography. 
The departures which arise (partially from the inaptness of the 
material as a type of peat) have been stated in the legend, and 
in connection with each layer described in the text. Beds or 
strata which are not sharply defined in a deposit may be recognized 
by the dotted boundary lines. 

It is to the interest of a group of scientific and industrial workers 
that coordinated efforts should be brought to the solution of 
peat-land problems. To those who desire general field information 
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regarding types of plant remains the following are some of the 
localities near which layers of peat material are displayed in typical 
form at or somewhat below the surface of the peat deposit. Ma- 
cerated and colloidal types in Cedar Lake near Fremont, Indiana 
(fig. 2); Phragmites type and Carex type near reservoir on New 
Haven Marsh, Plymouth, Ohio; Hypnum type in Algoma Muskeag 
near Roseau, Minnesota, and in basal layer of the peat deposit 
exposed along the barge canal and James Street bridge below 
Rome, New York; Cladium type in the Florida Everglades at 
Okelanta and vicinity; Scirpus type at Middle River and near 
Wintersburg, California; Sphagnum type on Cranberry Island at 
Buckeye Lake, Ohio (fig. 3), and in peat deposits west of Arlberg, 
Minnesota; coniferous forest types near Kent, Ohio (fig. 10), and 
north of Kelliher and Warroad, Minnesota; mixed deciduous 
forest litter type in Dismal Swamp, Virginia, in basal forest of 
Kankakee Marsh near Crumstown and South Bend, Indiana, and 
in middle and upper forest beds of the peat deposit southwest of 
Rome, New York; deciduous forest type near Mantua, Ohio 
(fig. 12). More specific information concerning peat materials 
and their agricultural and industrial value may be obtained in 
Bulletin 802 (5). 


I. Water-laid peat deposits. 


The chief feature of the group of water-laid peat deposits is 
the presence of aquatic types of peat material as the initial layer. 
The deposits may vary widely in the number and character of the 
initial stages, and the number of stages may range from one layer 
to several in the deeper deposits, including secondary phases. 
From the manner in which the peat materials are laid down in 
standing or in flowing water, in fresh or in brackish and saline 
water, the successive layers as a rule furnish conclusive evidence 
of three major series of stratigraphic differences. The group of 
water-laid peat deposits may be subdivided into (1) basin deposits 
with standing water level, such as lake and pond deposits, and 
(2) deposits in depressions with fluctuating water level, the river 
and overflow deposits, of which the Florida Everglades and their 
alternation of fibrous and macerated layers of peat material are 
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a notable example. The coastal river and estuarine peat-lands 
merge into the (3) marine deposits such as tidal marsh and 
mangrove swamps. A discussion of the brackish and salt water 
deposits is reserved for a future paper. 


EVIDENCE OF CLIMATIC CHANGES 


It might seem that the water-laid group of peat deposits could 
not offer reliable and direct criteria for evaluating age or time 
correlations, since water in basins constitutes a fairly uniform 
environment. There is continuity in the sequence of strata of 
plant remains, but macerated and more or less structureless layers 
of peat material bear no fixed relation to the plant populations 
which succeeded each other in the development of the deposit. 
The organic fragments are derived from many sources, and are 
in large part from suspended débris. Nevertheless, inferential 
evidence of past vegetation units and climatic changes may occur 
in abundance. 

The evidence for age and for climatic correlations is of several 
kinds, of which one form is represented in the scattering and mixing 
of leaves, pollen, and seeds blown into a peat deposit or washed 
in from adjacent land vegetation units. The latest substantial 
comparison between plant remains (such as the pollen of conifers) 
in layers of peat material and the changes in climate and in the 
composition of land-plant communities is the quantitative method 
employed by von Post (24). 

A second kind of evidence of climatic changes found in peat 
deposits consists of dark colored, partly macerated, and fibrous layers 
of material alternating with predominantly finely fibrous, coarsely 
fibrous, or woody plant remains. The close association of this 
kind of stratification in practically all sorts of peat deposits, without 
any close relation to topography or the influence of animal agencies, 
appears to signify alternating wet and dry environmental condi- 
tions. Quite frequently the dark colored, partly fibrous layer of 
peat material is referred to by American writers as “well decom- 
posed peat.”” Although it bears a striking superficial resemblance 
to a finer texture, similar to weathered surface material, a layer of 
this character does not imply conditions of aeration, or of warmth 
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and dryness by means of which decomposition and oxidation are 
accomplished. The layer represents rather the open scattered 
growth of plant populations, such as sedges, reeds, rushes, and 
brown mosses. The “well decomposed” débris as a rule is the 
intermixture of macerated material from aquatic and amphibious 
plants. The presence of diatoms, sponge spicules, shells, silt, and 
windblown material of various kinds usually shows that the chief 
condition for its formation is a higher water level. So long as the 
water table continues at a higher level, the fibrous type of peat 
tends to retain the aquatic admixture; the disappearance of the 
macerated débris would indicate conditions of ground water below 
the surface soil; and an alternating sequence of these layers would 
mark a period of climatic pulsation, of alternating wet and dry 
conditions. In carrying out quantitative determinations on sam- 
ples of “well or partly decomposed”? peat materials, the use of 
the colloidal suspension test and the methods of KO6nic (15), 
MELIN and ODEN (22), and KEPPELER (13) are only partly ade- 
quate. The possibility of obtaining erroneous results must be 
checked by a preliminary microscopic examination of the organic 
material, and by a consideration of its position in the profile struc- 
ture of the deposit. 

Some European workers are strongly of the opinion that a 
climatic break in the waning portion of the glacial period is indicated 
by the remains of forests found buried in stratified peat deposits, 
and by the “horizon” layer between the lower, in part disintegrated, 
and the upper, relatively more recent sphagnum peat of certain 
high moors. The materials are believed to be evidence showing 
there has not been merely a steady amelioration of climate since 
the last ice movement, but rather a fluctuation between periods 
of dry and wet climatic conditions. The dissent from this inter- 
pretation on the part of other investigators does not appear to be 
chiefly a matter of the proper terms to apply to types of peat and 
their variations. These layers of “horizon” peat and of buried 
forest, however, constitute more properly supra-aquatic types of 
plant remains, and on that account their consideration is deferred 
to the section dealing with the general stratigraphic features of 
lacustrine deposits of peat. In this connection it is suggested that 
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superimposed layers of colloidal type of peat material in certain 
deposits probably indicate another kind of evidence of former 
relatively dry and warm climatic conditions. 

A third form of evidence which may aid in the interpretation 
of the age of deposits and the climate which characterized their 
development consists in the seams of clay found between layers of 
peat material. These are often found with an admixture of organic 
matter, but rarely laminated in a manner similar to the seasonally 
laminated glacial clays described by DE GEER (10) and SAURAMO 
(32). Interstitial clay seams appear to be coincident with the 
earlier portion of the Wisconsin group of moraines. They have 
been noted especially in connection with peat deposits located in 
areas where readvances of the ice sheet are displayed in the drift. 
The investigations, however, are not sufficiently extensive to show 
whether the clay seams would be prominent also in morainal 
systems which are free from a surface cover of wind-blown loess. 

The fourth form of evidence which seems very promising is that 
of the marked structural differences found in certain peat deposits 
over a wide extent of country in which a series of moraine systems 
is the time factor of distinction (fig. 1). LEVERETT (19) has shown 
that the Wisconsin drift displays moraines which are distinctive 
and well preserved. They are more or less concentrated in groups 
which permit of much greater detail of correlation than is possible 
in connection with the glacial stages in Europe (12, 18, 27). 

The morainic systems of the Wisconsin ice sheet mark halting 
places in the recession of the ice front. They obviously represent 
climatic pulsations, for the evidence seems clear that the ice sheet 
was subject to increase or decrease in response to climatic variations. 
Periods of warmth during which the ice sheet retreated somewhat 
rapidly, leaving nearly level tracts of drift, must have alternated 
with periods in which the climate ceased to be mild, and either 
remained nearly uniformly colder for a time or else reverted toward 
the conditions which induce glaciation. 

For the study of past climatic changes and plant migration 
since the culmination of the last stage of glaciation, a comparison 
of the stratigraphic features of peat deposits should bring out 
evidence of great value. By actual test borings of peat deposits 
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within the area of the several great morainic systems, such as the 
Shelbyville, the Bloomington, the Valparaiso-Kalamazoo-Missis- 
sinawa, the Lake Border—Defiance, and the Port Huron, it should 
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Fic. 1—Diagrammatic outline of Wisconsin ice border at several successive 
positions (after LEVERETT and TAyLor 19 with slight modification): lines of direction 
of ice movement omitted from original map, and names of a few localities with peat 
deposits added by writer. 


be possible to sum up the whole series of climatic changes which 


have taken place while the ice field receded, and to estimate the 
length of time for every single glacial substage. Primarily because 
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of their greater age, the deposits of the earlier morainic fields 
constitute climatic indicators of the greatest interest, and they 
should not only furnish additional data, but also serve as a check 
upon any evidence which the peat deposits in the later morainic 
areas may contribute. 

The material here presented is only of preliminary import. It 
has emerged in the field work of the past seven years, and hence 
a definite correlation is impossible as yet, partly because too little 
is known of the extent and intensity of the changes. The chief 
difficulty, however, lies in the fact that much along the line of 
detailed field and laboratory studies has still to be accumulated. 
The conclusion is irresistible, however, that when the field is 
traversed the peat deposits will be found to furnish a new great 
record of the vegetational and climatic history of the country 
since Pleistocene times. 


GENERAL STRATIGRAPHIC FEATURES IN WATER-LAID 
PEAT DEPOSITS 

The question of the formation of lacustrine peat deposits has 
produced a copious literature in many countries, but there is still 
a dearth of observational evidence on their actual structural origin. 
Hardly a case exists of an intensive study in which conclusive proof 
is available showing the types of peat material in process of forma- 
tion. This does not mean that the process may not be as is gener- 
ally assumed, but it does indicate that even a well-nigh universal 
opinion may yet constitute merely an excellent working hypothesis. 
It can be accepted definitely only after more rigorous tests and 
extensive field work disclose a clearly defined basis. This account 
merely serves to emphasize what may be regarded as a general 
view of the development and structure of lacustrine peat deposits. 
Although this has been discussed at some length in various papers 
already published, a brief outline is presented here in order to 
connect it with the profile sections of the peat deposits on which 
these discussions have a bearing. The cross-sections which follow 
have been selected from American and European peat deposits 
largely on account of their stratigraphic relationship. They visu- 
alize the succession of strata in water-laid deposits, and illus- 
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trate the general development which had come to the final stage 
possible under the limits of the particular field conditions of 


different countries. 
In a consideration 
of basined deposits or 
moors it should be 
kept in mind that de- 
pressions with stand- 
ing water originate in 
a great variety of 
ways (30). Of chief 
importance, however, 
is the fact that the 
initial types of peat 
material are primarily 
water-laid. They are 
largely confined to 
the lower or deeper 
parts of the depres- 
sion, where planktonic 
organisms, together 
with comminuted 
fragments and other 
plant remains from 
both land and aquatic 
vegetation, sink to the 
bottom. A complete 
filling of lake and 
pond basins does not 
usually occur by the 
formation of aquatic 
typesof peat material. 
The peat-land near 
Fremont, Indiana 


(fig. 2), represents a relatively rare deposit of peat. 
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Fic. 2.—Cross-section of soundings in ‘Cedar 
Lake” peat deposit near Fremont, Steuben County, 
Indiana. 


The level 


where the higher plant communities can gain a foothold or succeed 
one another depends upon the ability of the plants to form a 
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floating mat. The thickneSs of purely allochthonous (transported 
to the place of occurrence) layers of peat, therefore, is far less 
extensive than might be assumed, partly also because submerged 
and amphibious plant populations can take root in depths varying 
from ro to 15 feet (3—4.5 m.) and accumulate as peat in situ. The 
macerated type of peat is nevertheless preeminent, and it varies 
least in character under conditions which give rise to water colored 
brown from the presence of suspended and dissolved organic débris. 
On account of the decrease in light and heat available, and the 
consequent absence of submersed plant communities, the filling 
of the depression is chiefly from vegetation units bordering the 
basin. The colloidal and doppleritic types of peat, on the other 
hand, make clear another set of conditions; they appear to indicate 
a higher calcium carbonate content of the waters at the time of 
their formation, and stimulating environmental conditions of tem- 
perature and light, in which the growth of aquatic vegetation 
units and planktonic organisms probably reached unprecedented 
proportions. There are reasons for concluding that the colloidal 
and doppleritic types of peat may represent another kind of evidence 
of climatic fluctuations. In the deposit near Fremont, Indiana 
(fig. 2), for example, colloidal material alternates with layers of 
macerated and “acidic” plant remains. The formation of colloidal 
material, therefore, may correspond in time with conditions of 
drought, when the lake or pond waters were concentrated by evapo- 
ration and became alkaline as concentration progressed. It is quite 
probable that the finer calcareous material in the drift had been 
removed by leaching, and produced variations in the chemical 
composition of the lake and ground waters. The calcium carbonate 
content when separating in the open water in a finely divided state 
must have become mingled with the plant débris so as to form a 
flocculation product and in places an end product of plant disinte- 
gration combined with lime. ‘The climatic changes which brought 
about this condition may not have been sudden or excessive, but 
probably were oscillations of moderate intensity, whose cumulative 
effects were felt during that period of time. 

The rate of building up a peat deposit in lakes or ponds appears 
to increase considerably as a plant population such as that formed 
by sedges pushes out from the shores, becomes nearly or quite 
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closed and exclusive, and 
forms a floating mat. Essen- 
tially this mat is fibrous and 
contains macerated débris. 
When only partially at- 
tached at the sides or 
beneath the surface, and if 
for any cause there is a con- 
siderable rise of the water 
surface, the mat floats upon 
a pocket of water (fig. 3). 
Later the mat is compact 
enough to bear the weight 
of shrubs, trees, and even of 
dense forests. When, how- 
ever, the weight of the float- 
ing mat becomes too great, 
it either breaks or sinks with 
its load. Layers of marsh, 
shrub, or forest types of 
peat material then occur, 
interpolated between layers 
of aquatic plant remains. 
Thus an inverted order of 
superposition results. It 
would obviously be a fallacy 
to correlate stratification of 
this kind with alternating 
dry and wet climatic periods. 
Neither would the profile 
indicate conversion such as 
may result from artificial 
causes which obstruct 
drainage, nor a backward 
sequence of plant commu- 
nities, that is, retrogression. 

It is apparent also that in 
the gradual closing of basined 
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Fic. 3.—Profile section of ‘Cranberry 
Island” peat deposit at Buckeye Lake, Licking 
County, Ohio: elevation 892 feet a.t.; location 
of sounding near former experiment station 
(see fig. 4, Bot. Gaz. 52: 25. 1911); a dike 
was built in 1838 which raised the water level 
8 feet. 
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Fic. 4.—Generalized section through North 
German peat deposit 7 m. (22 feet) in thickness, 
showing succession of layers of peat material; 
after WEBER (36). 


water by vegetation units 
there is not only a grad- 
ual decrease in available 
ground water, but in min- 
eral food constituents as 
well. The earlier plant 
communities and_ those 
which occupy a position 
near the margin of the 
basin derive their salts 
from the water or from the 
soil on which they grow. 
For the succeeding units 
this becomes less and less 
in amount. When com- 
pletely filled, the inward 
sequence of peat material 
(the horizontal section) 
and the upward sequence 
or vertical section of plant 
remains may show char- 
acteristics successively dis- 
tinct in content of mineral 
matter, such as lime, and 
of water incident to the 
increase of thickness of 
peat. The difference be- 
tween the total mineral 
content of a peat deposit 
and an adjoining lake has 
been shown for Cranberry 
Island at Buckeye Lake, 
Ohio (3). The term eu- 
trophic is used by WEBER 
(36) for types of peat formed 
in water rich in mineral 
nutrients, and oligotrophic 
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for types with water poor in saline food constituents, while meso- 
trophic is applied to the peat materials in the intermediate stage 
(fig. 4). 

Another significant difference lies in the fact that the final 
climatic vegetation unit of a particular region, for example, a de- 
ciduous forest (fig. 12) or a coniferous forest, is also the climax 
stage of the sequence of peat materials in lacustrine deposits. 
Successionally the sphagnum and heath shrub vegetation units 
appear to be a later stage in the structural development of peat 
deposits. Their superposition upon marsh or forest types of plant 
remains, however, is not to be considered an anomaly or an excep- 
tion. The sequence stands in the same causal relation to develop- 
ment as is the case with other vegetation units. Here, however, 
it is connected with the fact that the ground waters of peat deposits 
in this stage of development are deficient in mineral salts, and that 
bog mosses absorb and retain large quantities of rain water on 
account of their anatomical structure. Sphagnum peat materials 
reach their greatest thickness in cool humid locations with abundant 
rainfall, and contain as a rule only little mineral matter. Theo- 
retically the sphagnum stage in the structural development of a 
peat deposit should be succeeded by shrub, and finally by forest 
stages in the course of time. Actually this does not appear to 
take place, unless the layer of moss peat has been reduced in volume 
by disintegrating processes, and as a result becomes more permeable 
to ground waters. In the present state of our knowledge it is 
impossible to be certain that disintegration can occur without a 
change in climate. Thus the “horizon peat’ between the lower 
(older) and the relatively more recent (upper) sphagnum peat in 
northern Germany (fig. 4) is regarded by WEBER (36) as due to 
a climatic change unfavorable for the growth of sphagnum mosses. 
Von Post (23) has corroborated this view by his work in Sweden, 
VAN BarEN (1) confirmed it for some of the peat deposits of the 
Netherlands, and ZAILerR (37) verified it for the peat deposits of the 
Enns Valley in the Austrian Alps. The layer is assumed to indicate 
a long interruption of peat formation, during which the high moor 
was covered with Eriophorum and Calluna, and sometimes with 
forest. WEBER and von Post conclude that the horizon peat 


) 


72 


Feet in 
depth 


LSS 


l 
N 


N 
N 


LLL 


10 


BOTANICAL GAZETTE 


Hypnum- 
carex 
peat 


Carex 
peat 


Macerated 
peat 


Sand 


Fic. 5.—Cross-section of peat deposit near Sarna 


Station, Volinsk Province, 
ROWSKI (8). 


Russia; after Doctu- 
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must have been built 
about the end of the 
later Stone Age and 
after the Litorina 
subsidence (33, 34). 
On the other hand, 
RAMANN (28) and 
PoToniz (25) con- 
cluded that the as- 
sumption of a change 
of climate is unneces- 
sary, and that the 
horizon layer is deter- 
mined by the physical 
characteristics of this 
type of peat. The 
double character of 
the sphagnum layer is 
accounted for by the 
gradual diminution of 
the water raised by 
capillarity during dry 
seasons in certain 
thicknesses of the 
peat material. “Die 
Sphagneen k6énnen 
dann nicht mehr aus 
den tieferen Schichten 
mit Wasser versorgt 
werden und sind auf 
jene Mengen ange- 
wiesen, die sie in ihrer 
wachsenden Schicht 
festzuhalten ver- 
mégen. Es werden 
dann zwei wasser- 
reiche Lagen  vor- 
handen sein, eine 
tiefliegende und die 
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LESQUEREUX 


(16) also believed that peat deposits when checked by dryness form 
a parting layer between yond 


an old and a new bed of 
peat which takes on the 
shape of a dry layer. 
With increasing 
study of the structural 
features of American 
peat deposits, correla- 
tions of various kinds 
will undoubtedly de- 
mand more considera- 
tion and will assume 
their basic importance. 
At present, however, it 
appears to be well 
founded to regard ap- 
parent structural climax 
layers as depending 
mainly upon the con- 
tinuation of certain re- 
gional field conditions. 
It has already been 
suggested that the struc- 
tural development of a 
peat deposit may fail to 
terminate on account of 
unfavorable local field 
conditions, and that 
various factors may in- 
hibit a further develop- 
ment or may produce 
secondary stratigraphic 
features of varying 
character. There ap- 
pears to be little doubt, 
however, that whenever 
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Fic. 6.—Profile section of the Asle peat deposit, 
Hornborgasjén, Sweden; after SANDEGREN (31). 
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the movement of plant populations continues, either through a 
further change in habitat or in the development of new plant com- 

munities, the climatic 
depth vegetation unit is 


Topdestroyed the climax in 
the stratigraphic se- 
sphagnum 
peat rials (figs. 5-7). 
EVIDENCE OF 
_ MATIC CHANGE 
Betula stumps _unspecialized field in 
S- 
which the interrela- 
mites and tion of climate, geol- 
cladium peat and vegetation 
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Occasions! réle. Whether in the 
betulastump service of science or 
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er other industries, the 
cladium peat peat-land problem 
10 comprehends all the 
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parture which lead to 
Fic. 7.—Generalized section of peat deposit of past relations. It 
Lonsdale lacustrine moors, England; after RANKIN (29). would be presumptu- 
ous at this time to 

attempt to draw a parallel between the climatic changes recorded 
in the different peat deposits of this country. A reciprocal 
relation can scarcely be discovered, even in a general way, from 
only the few and incomplete records, and yet, although tentative, 
a short statement descriptive of the preliminary results obtained 
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of peat material in deposit at Canton, Stark County, 
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sounding taken 300 feet 
west side of N.O.T. car line. 


may be ofinterest. A 
full correlation can be 
reached only by re- 
peated efforts of this 
kind. Emphasis will 
necessarily fall upon 
glacial formations, be- 
cause they are both 
an effect of climatic 
fluctuations and a 
cause in the age rela- 
tion of peat deposits. 
The general micro- 
scopic analysis of the 
plant remains is re- 
served for a more 
comprehensive paper 
to follow. 

With regard to the 
order of age, from 
older to younger, it 
is advantageous to 
compare briefly a few 
peat deposits (figs. 8, 
©, 12) located be- 
tween Canton and 
Cleveland, Ohio. In 
this part of Ohio 
several of the great 
morainic systems of 
the Wisconsin stage 
of glaciation are 
closely crowded to- 
gether. They extend 
from Canton north- 
ward as a massive 
(interlobate) belt, and 
show nearly all the 
advantages of indi- 
vidual distinction 
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without involving the complications which occur in the broader 
intermorainic tracts as a result of subsequent changes in drainage. 
The general physical features of this area have already. been 
described (4). An extended account and delineation of the geology 
and soils has been given by Leverett (17) and in the field opera- 
tions of the United States Bureau of Soils (20, 21). A diagram- 
matic representation of the successive positions of the ice border 
and the location of the peat deposits is given in fig. 1. 

The Canton peat deposit (fig. 8), like the Buckeye Lake deposit 
(fig. 3) farther southwest, is among the first and the oldest in Ohio. 
In both the basal layers of macerated plant remains represent 
accumulations of peat which probably began while the ice border 
was receding from its maximum position across Illinois, Indiana, 
and Ohio to about the limits of the Bloomington group of moraines. 
The growth of peat-forming vegetation in these two deposits 
followed soon after the recession of the ice sheet, before the drift 
had become drained by development of valleys on it. 

Two seams of clay in the Canton deposit are noceworthy. Their 
positions indicate that the early period of peat formation was at 
least twice marked by climatic disturbances. The presence of the 
two layers of clay between layers of macerated types of peat seems 
to show that the ice readvanced to near this point into territory 
that had been laid bare following the maximum extension of 
the glaciers. In these states the western end of the Bloomington 
group of moraines not only overrides the weaker ridges of the 
Champaign moraines, but also extends into the ground occupied 
by the Shelbyville morainic system which was formed at the 
culmination of the Wisconsin stage of glaciation. The clay was 
probably deposited along the border of the ice mass by the same 
agencies that contributed the coarser material at the margin of 
the moraine, while further out, in the water basins, sand and 
finally clay were left. The deposition of clay may have taken 
place chiefly during the retreat of the ice front, when climatic 
conditions had become much warmer. It is not improbable that 
these clay seams represent the loess material which is known to 
cap the earlier morainic systems of the Wisconsin drift. Much of 
the material from the loess covered plains may have been carried 
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up by strong winds, forming at first a surface coating upon the 
ice at the time the moraines were developing. The effect of 
possible meteorological changes over wide areas, such as PENCK 
and others have worked out, must be borne in mind. ‘The shifting 
of all climatic zones southward (26), caused by the general lowering 
of the temperature during the Ice Age and the depression of sea- 
level, points to the probability of this area as part of a relatively 
windy arid belt. After the ice had melted back some distance, the 
inorganic material may thus have come to be contributed to the 
peat deposit. 

The basal layer of macerated peat is somewhat silty, and has 
a rather aged appearance. It is assumed, provisionally, to have 
been formed during the first or Shelbyville period of deglaciation. 
The layer of plant remains found overlying the basal peat has a 
much fresher aspect, but the organic débris in both of the lower 
layers of peat seems to fall short of reaching the greater variety 
of plant fragments which occurs in the succeeding layers. Further 
study of a microscopic nature, however, is necessary to establish 
fully the character of the plant remains from each of these glacial 
substages. The strongest evidence of an interval between the 
formation of the basal macerated peat and of the overlying layer 
of macerated plant remains is found perhaps in a comparison of 
the character and amount of the uppermost seam of clay. This 
clay seam is much more sharply terminated than the lower one, 
and it is also worth noting that the upper thickness of the clay 
stratum is compact and relatively free from plant remains. Whether 
or not the evidence thus far at hand favors the view that the seam 
of clay is derived from wind blown loess rather than from drift, 
or differences in the strength of the outwash, of considerably 
greater significance is the fact that the upper mineral layer consti- 
tutes a distinct break in peat formation. The cause of this break 
in the succession of peat materials must evidently have been a 
change from colder climatic conditions, from a more or less notable 
readvance, and a renewed aggression of the ice sheet. 

Apparently the climate was undergoing amelioration at the 
time, probably giving rise also to a lower water table. That such 
oscillations have occurred is evident from the work of LEVERETT 
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and others. A certain degree of aridity seems to have prevailed, 
not only during the withdrawal of the ice, but up to the period 
which resulted in the formation of the Bloomington morainic sys- 
tem. The Bloomington period of peat formation was stopped by 
the upper seam of clay. This suggested correlation appears to 
be correct, for the upper clay layer can be connected closely with 
that part of the Valparaiso-Kalamazoo-Mississinawa morainic 
system which passes northeast of Canton through Portage County. 
The principle members of this group of moraines show west of here 
a marked differentiation of glacial lobes and a shifting of the lines 
of axial ice movements. The glaciers, as shown by the studies 
particularly of LEvERETT and others, encroached again over the 
surface of land that had been vacated by the earlier recession of 
the ice border. This readvance, the limits of which are marked by 
a morainal belt reaching from eastern Illinois and extending north- 
ward into Michigan to the vicinity of Kalamazoo and Battle Creek, 
has usually been designated the late Wisconsin stage. It covers 
a time of drift deposition reaching to the series of generally weak 
moraines which are included in the Lake Border-Defiance system. 

During the time which elapsed while this ice front receded, and 
which may tentatively be called the Mississinawa glacial substage, 
the third tier of macerated peat was formed and probably also 
some of the superposed layers of fibrous plant remains. There is 
hardly any feature in the structure of the Canton deposit so con- 
spicuous as the fibrous layers of peat, which rest on and in places 
grade into the underlying third basal bed of macerated organic 
material. The Carex and Phragmites plant populations, from 
which these layers of relatively coarse fibrous peat are derived, 
appear to have grown at ground water levels much lower than 
those which prevailed at later glacial substages. The uppermost 
beds of fibrous peat of more recent development contain an admix- 
ture of aquatic plant débris. ‘They do not represent in their texture 
the features which would be characteristic of a gradual decrease 
in available ground water coincident with the closing of water 
basins by vegetation. 

In the absence of more definite correlations, these three primary 
series of peat layers, namely, the several basal layers of macerated 
plant remains, the middle bed of coarsely fibrous peat, and the 
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upper layers of partly fibrous plant components, might be inter- 
preted as representing three great changes in water level. They 


Fic. 9.—Location of peat deposit near Kent, Portage County, Ohio, and of 
sounding illustrated in fig. 10; scale, 1 inch=1 mile (2.5 cm.=1.6 km.). 


may correspond, therefore, to three climatic stages that left their 
traces in the structure of the Canton deposit. From this it would 
seem that a comparatively warm period with moderately humid 
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conditions must have been preceded and followed by two compara- 
tively cool periods, characterized by changes between drought 
and wetness greater in degree than seasonal variations. For this 
interpretation, however, a series of various facts is doubtless 
required. A consideration of the structural appearance of the 
deposits in line north of Canton should give more adequate evidence 
of such alterations. They represent in part a contemporaneous 
and later age of peat formation which should bring into clearer 
perspective the probable climatic conditions during and after the 
close of the third glacial substage. 

The recession of the ice front marked by the Valparaiso- 
Kalamazoo-Mississinawa morainic system to near the border of 
the Huron and Erie basins initiated the development of the Kent 
(fig. 10) and the Mantua peat deposits (fig. 12) in the order named. 
An examination of the profile sections suggests a long interval of 
peat accumulation. In about the middle of the Kent deposit there 
is evidence that here also an unusual disturbance had affected the 
course of peat formation, and that a well marked climatic change 
had occurred. The position of the layer of forest peat in the Kent 
deposit suggests that the change is contemporaneous with the 
deposition of the Lake Border-Defiance system. 

At the bottom of the Kent deposit, overlying the bowlder clay, 
are shells of fresh water mollusks, and above them a layer of plant 
remains from aquatic vegetation. This is followed by macerated 
material, a part of which is distinctly gelatinous. The upper por- 
tion of the structureless débris merges into a layer of fibrous plant 
remains, showing that a mat of sedges and other marsh plants had 
covered the basin. When this stratum was formed, a mixed 
deciduous but predominantly coniferous forest appears to have 
been growing on the borders of the basin, which gradually 
encroached and finally occupied the entire peat-land area. The 
thickness of the layer of forest litter shows that the ground water 
level at that time was below the surface soil, and that the tract 
remained moderately moist for a considerable period of time. 

It can scarcely be decided in the present state of investigation 
whether or not the end of the Mississinawa glacial substage was 
accompanied by a widespread dispersal of forest trees from south- 
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eastern portions of the United States. The first coarsely fibrous 
layers of Carex-Phragmites peat in the Canton deposit, and espe- 
cially the middle forest bed of the Kent deposit, certainly have a 
suggestive feature 
of resemblance. 
peat deposits, the gt Sphagnum peat 


with tamarack 


basal forest bed in YN S/N stumps 


the Kankakee A a 
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deposit near Kent, Portage County, Ohio; elevation 1028 
feet a.t.; location of sounding indicated on map (fig. 9). 


place to areas 
considerably more 
northward than they are at the present time (14). From these 
facts there appears some support for the suggestion that the 
probable range in temperature and precipitation as well as the 
duration of this warm period made it possible for many trees 
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and shrubs to extend rapidly the limits of their distribution. It 
is unwise, however, to venture more, since at the present time 
definite stratigraphic and botanical data from peat deposits of 
northern states have not been exhaustively studied, nor have the 
investigations of the later quaternary deposits of the eastern and 
southern coastal states been carried to a point where they could 
be definitely correlated with the peat beds of this glacial substage. 

There followed a wet period, during which the forest in the 
Kent deposit seems to have become submerged. The weight of 
the trees can scarcely have caused a sinking of the forest layer in 
this basin, since its depth is small and the underlying layers of peat 
material show no compression or disturbance. With the rise of 
the water table a layer of fibrous material from sedges and various 
other marsh plants began to accumulate above the forest stratum, 
but there soon followed a more rapid increase in the water level. 
The area became covered for a time with water. 

The period of change recorded so conspicuously in the Kent 
deposit appears to be associated with the Lake Border glacial sub- 
stage. It is readily correlated with the time which elapsed when 
the front of the Erie lobe receded northward to the Port Huron 
morainic system. As the ice in its retreat uncovered the Ohio 
divide, inundation followed the escape of waters from the subse- 
quent melting of the ice masses. No clay, however, entered into 
the formation of the peat deposit. The Lake Border moraines are 
practically free from loesslike silts, and apparently they were not 
strong enough to spread a seam of clay over this basin. When 
peat accumulation recommenced, there was again formed a layer 
of macerated material, followed by a fibrous type of peat from 
sedges, above which appears a stratum showing small twigs and 
branches of shrubs. Once more the area had become cool and dry, 
too severe perhaps for the free spreading of forests. Probably 
many tree species were again driven southward and replaced by 
more open vegetation, such as grassy marsh and shrubs. This cool 
period meliorated in severity rather rapidly and became sufficiently 
temperate for forests, for in the uppermost layer of peat are the 
remains of tamarack (Larix sp.). The stumps of the trees are stand- 
ing in the peat itself. The present surface vegetation is a dense stand 


= 
| 
j 
} 


1921] DACHNOWSKI—PEAT DEPOSITS 83 


of tamarack. In the partially wooded portion grow heaths such 
as Cassandra (Chamaedaphne) sp., Vaccinium corymbosum, and 
others, while the ground cover consists largely of sphagnum mosses 
with the cranberry and similar plants characteristic of sphagnum 
bogs. The southern portion of this tract is under cultivation. 

Turning to the Canton peat deposit, it is interesting to note 
that the middle forest layer is wanting in this deep basin. The 
type of peat material of the period contemporaneous with the Kent 
middle forest layer consists of fibrous and relatively coarse plant 
remains from sedges and to some extent from reeds. The quantity 
of water must ‘have diminished independently of the local alter- 
ations in the water table, for layers of a fibrous texture accumulate 
only under moderately moist conditions. The overlying peat 
stratum, on the other hand, is formed from Hypnum mosses and 
sedges, and has an admixture of macerated débris, clearly showing 
the advent of a cool period. 

The succeeding layers in the Canton deposit show a gradual 
elimination of the Hypnum mosses as a peat forming component, 
and they also indicate a return of atmospheric conditions swinging 
toward a warmer climate. Before its cultivation the Canton area 
is reported to have been a marsh with the margins partly forested. 
Thus the uppermost layers of peat in the two deposits seem to 
show that during their later history, from the last glacial substage 
(the Port Huron time and the Lake Champlain period) to the 
present, the amelioration of climate has been relatively more 
steady than at any time since the culmination of the Wisconsin 
period. The lack of structural diversity is related probably to the 
distance of these deposits from the direct influence of the later 
glacial substages. 

The beginning of the Mantua peat deposit (fig. 12), it is reason- 
able to infer, dates from the period of accumulation of Hypnum 
mosses in the Canton peat deposit and the submergence of the 
forest layer in the Kent deposit. In the Mantua deposit the 
uppermost layers similarly point to the supplanting of a cool by 
a more temperate period of climatic conditions, and to the migration 
of plants as an essential process in the sequence of peat materials. 
It is worth noting that the forest layer has the stumps of tamarack 
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(Larix sp.) in the lower portion of the stratum; while those of 
maple (Acer sp.), ash (Fraxinus sp.), and elm (Ulmus sp.) are 
found in the forest litter nearer the surface. The degree of natural 
drainage which established itself in time on the surface layers of 
this deposit determined, probably in large part, the character of 
the succeeding vegetation cover. Deciduous trees such as the red 


Fic. 11.—Location of peat deposit near Mantua, Portage County, Ohio, and of 
sounding on lot no. 9 illustrated in fig. 12; scale, 1 inch=1 mile (2.5 cm.=1.6 km.). 


maple, black ash, and elm are still the dominant trees in the present 
surface vegetation of this tract of peat-land. Here again it is 
obvious that much is not yet clear about the major changes of 
climate until quite recent times, and that more extended and more 
critical field studies are required upon northern deposits which 
admit of ready comparison with the older peat accumulations. 
These questions of climatic changes from the later glacial sub- 
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stages to the present are critically important, for they bear radically 
on interpretations that have already been well supported in the 
countries of northern Europe. 

It does not lie within the sphere of this paper to review the 
literature dealing with the probable causes which produced the 
glacial period or its climatic changes. These and other considera- 
tions are discussed fully by CLEMENTs (3), DouGLass (9), HUNTING- 


TON (11), and others. 


The only question is 
how far the types 


of peat material and ‘ Deciduous 
thei IA IA forest peat 
eir sequence in on tama- 


peat deposits may rack stumps 


furnish evidence of & A a 
during the succes- carex peat 


sively less extensive 
positions of the ice 
border. The facts 
given in this article 
seem to indicate at 
least three if not 


four major oscilla- Fic. 12.—Profile section showing sequence of strata 
tions during which in peat deposit near Mantua, Portage County, Ohio; 

‘ elevation 1155 feet a.t.; sounding on lot no. 9, west 
the climate fluctu- side of Center Road, as indicated on map (fig. 11). 
ated between warm 


and cold conditions, between periods of greater dryness and greater 
humidity. 

Summarizing the climatic changes since the disappearance of 
the Wisconsin ice sheet in Ohio, the following may be stated ten- 
tatively: In the record of a few Ohio peat deposits an irregular 
series of changes can be traced, due to effects of climatic influences. 
Apparently twice a comparatively dry and cool period alternated 
with a relatively warm and humid period. After glaciation 
had reached its maximum extension, there followed two minor 
periods of recession of the ice field, a time during which a cool and 
dry climate bordered closely the glacial regions in this locality. 
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It was probably a period of winds, cooled from the ice sheet, and 
of loess deposition. The accumulation of drifted, wind-blown 
sand in the Kankakee, Indiana, area, portions of which were later 
covered by peat materials from a basal forest, may be referable to 
the first two glacial substages. In the general shifting of climatic 
belts the cold climate along the border of the retreating ice prob- 
ably passed into dry windy conditions. On the exposed ground- 
till only marsh plants and low shrubs may have been the dominant 
plant population. This period of relative aridity in turn gave 
place to a second great advance of ice, the late Wisconsin, probably 
not of as great severity as the first, after which a prolonged warm 
and somewhat humid climate prevailed. This appears to have 
been the period of invasion and wide dispersal of forest trees from 
the south, and of a more northerly distribution of certain species 
than is now recorded for them. As to the end of the late glacial 
time, the climatic characteristics from the last glacial recessions 
to post glacial and present conditions stand as yet considerably ill 
defined. The evidences indicate periods during which the climatic 
zones shifted again somewhat. There appears to have been a 
return to cooler and drier climatic conditions, followed by a tem- 
_perate and more humid period than exists at the present time in 
the same localities. The present period is probably approaching 
a climate of rising temperatures and (or) decreasing precipitation. 
The botanical data, however, are as yet insufficient to permit more 
definite conclusions, and they are wholly inadequate for drawing 
a parallel between the past climatic conditions of different countries. 

The writer has had considerable hesitation in publishing the 
climatic correlations for the peat deposits of these great morainic 
systems. Although the interpretation accounts for a series of 
facts that are in need of being formulated, yet there might perhaps 
be another way of correlating the field observations. For this, 
however, the work of several years will doubtless be required. 
This preliminary paper may aid in the meantime a field of peat 
investigations to which Biytt (2), WEBER (35), and others have 
been among the first contributors. With these major climatic 
fluctuations as a basis, chronological data of considerable value 
may perhaps be obtained by this method of peat investigations 
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for several sciences, including archaeological research. In its 
relation to the practical worker in peat-land problems it is hoped 
this paper will suggest the influence which structural differences 
in peat deposits necessarily exert upon a true estimate of the value 
of peat deposits and upon the progress of peat-land utilization, 
especially upon the plans, methods, and equipment which must 
be adopted to convert suitable areas into productive sources of 
national wealth. 


UNITED STATES DEPARTMENT OF AGRICULTURE 


LITERATURE CITED 


1. BAREN, J. VAN, Zur Frage nach der Entwicklung des postglazialen Klimas 
in den Niederlanden. Die Verinderungen des Klimas. 11. Internat. 
Geol. Kong. Stockholm 1010. pp. 23-31. 

2. Brytr, AXEL, Essay on the immigration of the Norwegian flora during 
alternating rainy and dry periods. pp. 89. Christiania. 1876. 

3- CLEMENTS, F. E., Plant succession. An analysis of the development of 
vegetation. Publ. Carnegie Inst. 242. 1916. 

4. DACHNOWSKI, ALFRED P., Peat deposits of Ohio. Ohio Geol. Survey. 
Ser. 4, Bull. 16. ror2. 


5. , Quality and value of important types of peat material. U.S. 
Dept. Agric., Bur. Plant Industry, Bull. 802. ro1o. 

6. ———, Correlation work in peat-land problems. Bor. Gaz. 70: 453- 
458. 1920. 

7. , Peat deposits in the United States and their classification. Soil 


Science 10:453-465. 1921. 

8. Docrurowsk], V. S., Vidy torfa. (Les espéces de tourbe) Viestnik torfi- 
anovo diela 2:273-304. I9I5. 

9. Dovctass, A. E., Climatic cycles and tree-growth. Publ. Carnegie Inst. 
289. 

10. GEER, G. DE, A geochronology of the last 12,000 years. "11. Internat. Geol- 
Kong. Stockholm, 1910. pp. 241-253. 10912. 

11. HUNTINGTON, ELLSworTH, et al., The climatic factor as illustrated in arid 
America. Publ. Carnegie Inst. 192. 1914. 

12. Kemrnack, K., Begleitworte zur Karte der Endmorinen und Urmstrom- 

tiler Norddeutschlands. Jahrb. K. Preuss. Geol. Landesanst. Berlin, 

1909, 30:507-510. IQIT. 

KEpPELER, G., Bestimmung des Vertorfungsgrades von Moor- und Torf- 

proben. Mitt. Ver. Férd. Moorkultur Deutsch. Reich. Jahrg. 38:3-8. 

1920. 


13 


| 
‘ 
3 
| 
| 
| 
i 


88 


14. 


15 


16 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


20. 


30. 
31. 


BOTANICAL GAZETTE 


[AUGUST 


Know ton, F. H., The climate of North America in later glacial and 
subsequent post-glacial time. Die Verinderungen des Klimas. 11. Internat. 
Geol. Kong. Stockholm, 1910, pp. 367-370. rgro. 

Konic, J., HASENBAUMER, J., and Grossman, H., Das Verhalten der 
organischen Substanz des Bodens und der osmotische Druck derselben. 
Landw. Vers. Stat. 69:1-91. 1908. 

LESQUEREUX, LEO, On the vegetable origin of coal. Ann. Rept. Geol. 
Survey, Penn. 1885. pp. 95-124. 1886. 

LEVERETT, FRANK, Glacial formations and drainage features of the Erie 
and Ohio basins. U.S. Geol. Survey, Monographs 41:pp. 802. 1902. 
—-—, Comparison of North American and European glacial deposits. 
Zeitschr. Gletscherkunde 4:241-295, 321-342. IgIo. 

LEVERETT, FRANK, and TAyrtor, FRANK B., The Pleistocene of Indiana 
and Michigan and the history of the Great Lakes. U.S. Geol. Survey, 
Monographs 53:pp. 529. I9I5. 

Mooney, CHARLES N., TuTTLe, H. Fotry, and Bonazzr, A., Soil survey 
of Stark County, Ohio. U.S. Dept. Agric., Bur. Soils Field Oper. 1913. 
PP. 39. 

Mooney, CHARLES N. et al., Soil survey of Portage County, Ohio. U.S. 
Dept. Agric., Bur. Soils Field Oper. 1914. pp. 44. 1916. 

Extras, and OpEN, SvEN, Kolorimetrische Untersuchungen iiber 
Humus und Himifizierung. Sveriges Geolog. Undersékning, Ser. C, no., 
278. 1917. 

Post, LENNART von, Uber stratigraphische Zweigliederung schwedischer 
Hochmoore. Sveriges Geolog. Undersékning, Ser. C, no. 248. 1913. 

, Om skogstridpollen i sydsvenska torfmosslagerféljder. Geolog. 
Foreningen Stockholm Férhandl. 38:384-390. 1916. 

Potonr£, H., Das Auftreten zweier Grenztorfhorizonte innerhalb eines 
und desselben Hochmoorprofils. Jahrb. K. Geol. Landesanst. Berlin, 1908, 
29:398-409. 19099. 

Penck, A., The shifting of the climatic belts. Scot. Geogr. Mag. 30: 
281-292. I9I4. 

PenckK, A., and BRUCKNER, EpvuArRD, Die Alpen im Eiszeitalter. 3 vols. 
Leipzig. 1909. , 

RamAnn, E., Beziehungen zwischen Klima und dem Aufbau der Moore. 
Zeitschr. Deutsch. Geol. Gesells., 62:136-142. 1910. 

Ranxktn, W. Munn, The lowland moors (‘‘mosses”’) of Lonsdale (North 
Lancashire) and their development from fens. Types of British Vege- 
tation, pp. 256-259. I9gII. 

RUSSELL, ISRAEL C., Lakes of North America. Boston. 1895. 
SANDEGREN, R., Hornborgasjén, En Monografisk framstallning av dess 


postglaciala utvecklingshistoria. Sveriges Geolog. Undersékning, Ser. Ca, 
no. 14. 1916. 


“a 
j 
; = 
Hi. 
3 
|| 


1921] DACHNOWSKI—PEAT DEPOSITS 89 


32. 


33- 


34. 


35- 


36. 


37- 


SAURAMO, Matt1, Geochronologische Studien iiber die spiatglaziale Zeit 
in Siid Finnland, Fennia, Bull. Soc. Géogr. Finlande 41:1-44. 1920. 
SERNANDER, RUTGER, On the evidences of postglacial changes of climate 
furnished by the peat-mosses of Northern Europe. Geolog. Féreningen 
Stockholm, Férhandl. 1908, 30:465-473. 1900. 

——-—, Die schwedischen Torfmoore als Zeugen postglazialer Klima- 
schwankungen. Die Verinderungen des Klimas. 11. Internat. Geol. Kong. 
Stockholm 1910. pp. 197-246. IgIo. 

Weser, C. A., Uber die Vegetation und Entstehung des Hochmoors von 
Augstumal. 1902. 

———., Was lehrt der Aufbau der Moore Norddeutschlands iiber den 
Wechsel des Klimas in postglazialer Zeit? Zeitschr. Deut. Geol. Gesells. 
62:143-162. IgIo. 

ZAILER, VIKTOR, Die Entstehungsgeschichte der Moore im Flussgebiete 
der Enns. Zeitschr. Moorkultur und Torfverwertung 8:105-154, 171- 
203. 1910. 


| 
= 
= 
= 
= 

| 

| 

| 


LIFE HISTORY OF CORALLINA OFFICINALIS 
VAR. MEDITERRANEA' 


S. YAMANOUCHI 


The group of red seaweeds known as the Cryptonemiales 
includes many species displaying a wide variety of form. The 
structure of the reproductive organs and the mode of reproduction 
found in this group cannot be ascertained adequately by the study 
of a single species. In order to distinguish the Cryptonemiales 
from the other groups of Florideae, the method of reproduction, as 
existing in Dudresnaya, has constantly been cited as characteristic 
and representative of the entire group; but it is merely charac- 
teristic of that genus. Moreover, our present knowledge of 
Dudresnaya is confined to its morphological features. In any 
systematic arrangement of the forms belonging to the ill-defined 
Cryptonemiales, Corallina should always be placed near the summit. 
This does not mean, however, that the structure of the reproductive 
organs and the mode of reproduction are more complicated than 
in other forms belonging to this group. About 30 years ago, 
Sotms-LAUBACH published his original work on the structure of 
Corallina, but no cytological work was attempted, and the life 
history of the plant was not established. Consequently, a cyto- 
logical study of Corallina was made from material secured at the 
Bay of Naples, Italy. 


Origin of conceptacle 


Generally the conceptacles are formed at the ends of branches 
of the thallus. The reproductive organs, which arise within the 
conceptacles, originate from these so-called disk cells which com- 
pose the central portion of the growing apex of each branch. The 
disk cells located at the periphery continue to divide and grow up 
around the reproductive organs, leaving only a small aperture or 
ostiole at the apex, thus forming the conceptacle. The three kinds 


t Translated by CLARENCE C. BAUSMAN, assisted by C. Curpa, from Bot. Mag. 
Tokyo 27:279-285. figs. 1-8. 1913. 
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of reproductive organs (antheridia, carpogonia, and tetraspores) 
are produced in conceptacles on three different individuals. 


Nuclear division in vegetative cells 


Nuclear division is very common among any of the vegetative 
cells, but is most conspicuous among the actively growing (disk) 
cells at the ends of the branches. The cell structure varies more 
or less according to the position of the cell, but as a rule the nucleus 
occupies the central portion of the cell. One or sometimes two 
large vacuoles are present, and also many chromatophores. The 
cytoplasm seems to be distinctly alveolar in structure. The 
nucleus in the resting condition contains one and sometimes three 
or four irregular nucleoli. The chromatin material, during the 
resting condition of the nucleus, consists of small granules scattered 
throughout the karyolymph. Upon approaching the. period of 
nuclear division, the nucleus slightly enlarges, and the chromatin, 
which up to this time was in the form of granules, increases in 
amount and finally becomes organized into a definite number of 
chromosomes. The male and female individuals possess twenty- 
four chromosomes, while the tetrasporic individuals have forty- 
eight. The contents of the nucleolus gradually become decreased 
with the formation of the chromosomes, and when the chromo- 
somes have arranged themselves in an equatorial plate, the nucleolus 
has completely disappeared. 

In the prophase a small, granular, centrosome-like body makes 
its appearance at each of the two poles of the nucleus in the cyto- 
plasm near the nuclear membrane. Within the nucleus spindle 
fibers are soon formed, originating from the centrosome-like body. 
The alveoli of the cytoplasm immediately surrounding this 
centrosome-like body form branched astral rays. In later prophase 
the centrosome-like body becomes enlarged, and thus the centro- 
sphere is produced. 

In the metaphase the chromosomes divide, and when the two 
groups of daughter chromosomes reach the opposite poles, the 
daughter nuclei are soon formed. Up to and including the forma- 
tion of the daughter nuclei, the centrosome-like body retains its 
characteristic form. With further growth of the daughter nuclei, 
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however, it gradually decreases in size, and at the approach of the 
resting stage of the nuclei it becomes unrecognizable. With the 
return of the period of nuclear division, the centrosome-like bodies 
reappear, as just described, at the opposite poles of the nucleus. 

SWINGLE and others who studied Sphacelaria and Stypocaulon 
maintain that the centrosome or “‘central body” persists from one 
mitosis to another. HARPER appears to be of the same opinion, 
as a result of his work on Lachnea and Phyllactinia. As regards 
Corallina, the two centrosome-like bodies appear for the first time 
at the period of nuclear division, and gradually disappear with the 
formation of the daughter nuclei. Thus these structures are not 
permanent organs of the cell, but arise de novo at each mitosis to 
carry on the mechanism of nuclear division. 


Formation of tetraspores 


By normal cell division the disk cell divides into two portions, 
the upper portion becoming the tetraspore mother cell, while the 
lower portion becomes the stalk cell. The tetraspore mother cell 
in its growth assumes a clavate form, while its nucleus increases in 
size. At first the structure of the nucleus appears to be the same 
as that of the vegetative nucleus, but by the time the conceptacle 
has developed sufficiently to be recognized as such, the nucleus of 
the tetraspore mother cell enters upon the stage of synapsis. In 
Corallina the chromatin material is so scanty that a continuous 
spireme cannot be formed, but remains in two groups of small 
granules at the poles of the nucleus. When the synaptic period 
has passed, a centrosome-like body appears at each pole. In the 
metaphase a group of twenty-four bivalent chromosomes becomes 
arranged in an equatorial plate, and the paired chromosomes split 
longitudinally and separate into two groups. The first nuclear 
division, which is the heterotypic division, is soon followed by the 
second, or homotypic division. With the completion of the second 
division, there are formed four nuclei within the tetraspore mother 
cell, each of which possesses twenty-four univalent chromosomes. 
Later the tetraspore mother cell, by means of three cleavage fur- 
rows, becomes divided into four portions, each of which develops 
into a tetraspore containing one nucleus. The tetraspores then 
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escape from the conceptacle, float about freely in the water, and 
after becoming attached to a suitable substratum proceed to 
germinate. 


Germination of tetraspores 


The first nuclear division at the time of germination of the 
tetraspores shows twenty-four chromosomes. The same is true 
for the second and third divisions. With culture material the 
size of the plants obtained from germinating tetraspores was 
limited to thirteen cells. Throughout all these divisions there 
was no change as regards the number of chromosomes. The infer- 
ence, therefore, is that such tetraspores, in nature, would give rise 
to sexual plants of normal size, possessing twenty-four chromosomes. 


Formation of antheridium 


The disk cell divides into two portions. The upper portion, 
which ultimately becomes the antheridium, is much smaller than 
the lower one, and is situated to one side of the latter. The two 
cells gradually become considerably elongated, the upper cell con- 
tinuing to elongate until it finally attains a remarkable length. At 
the same time its nucleus divides, one daughter nucleus migrating 
to the extreme distal portion of the cell, while the other daughter 
nucleus remains in the lower portion. Just below the upper daugh- 
ter nucleus a cell wall is formed, dividing the original upper cell into 
a very short terminal cell and a very long lower cell. The terminal 
cell becomes much enlarged and assumes a spherical form; the 
nucleus also enlarges greatly and occupies the larger portion of 
the cell. Thus the antheridium of Corallina is composed of a 
larger, spherical, terminal cell and a very much elongated, narrow, 
stalk cell. Later this spherical cell separates from the filiform 
stalk cell and functions as the spermatium. More than one antheri- 
dium may be formed from the same disk cell. The antheridial 
nuclei have constantly twenty-four chromosomes. The sperma- 
tium has a thin cell wall derived entirely from the mother cell, and 
when compared with other Florideae it is homologous with a 
unicellular antheridium. In 1911 SVEDELIUS, after having studied 
Delesseria, reported that the spermatium simply consists of the 
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naked protoplast discharged from the mother cell. I believe, how- 
ever, that this would be disproved by a careful reinvestigation. 


Formation of procarp 


Each disk cell produces one carpogonial branch or procarp. 
The steps in the development of the procarp are as follows: The 
disk cell divides to form two cells, the upper one becoming the 
auxiliary cell and the lower one the stalk cell. The auxiliary cell 
then gives rise to a cell at one side of its exposed terminal portion, 
and then similarly to another cell at the other side. Thus two 
sister cells are produced from the auxiliary cell, situated side by 
side. Of these two cells, the first one formed has become greatly 
elongated by the time the second sister cell is formed. The nucleus 
of the older sister cell divides to form two nuclei; one nucleus 
remains in the enlarged basal region of the cell (carpogonium) and 
becomes the carpogonial nucleus, while the other one enters the 
hairlike upper portion of the cell (trichogyne) and functions as the 
trichogyne nucleus. The trichogyne is separated from the carpo- 
gonium by a constriction. The younger sister cell, which is usually 
provided with one nucleus, ceases to grow further at an early stage 
in its development, and simply remains as a non-functional structure 
beside the carpogonium formed by its older sister cell. Every one 
of the many disk cells, at the growing tips of the thallus branches, 
produces a procarp. 

As just described, each procarp is composed of a stalk cell, auxil- 
iary cell, carpogonium, and trichogyne, together with the small non- 
functional sister cell of the carpogonium. The structure of the 
procarp of Corallina, therefore, would seem to be simpler than that 
of other Florideae; yet in many Florideae the procarps are solitary, 
or, as in the case of Ceramium, two occur side by side. In Coral- 
lina, however, 60—70 or sometimes over 100 independent procarps 
occur in a group within the same conceptacle, and after fertilization, 
before the formation of the carpospores, they fuse with one another, 
resulting in the formation of one common structure. 


Fertilization and formation of cystocarp 


The trichogynes project above the surface of the conceptacle 
and are thus freely exposed to the sea water. A floating sperma- 
tium comes in contact with the apex of the trichogyne, adheres to 
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it, and discharges its contents into it. The trichogyne nucleus now 
begins to disintegrate. The spermatium nucleus proceeds down- 
ward, finally reaching the carpogonial nucleus, with which it fuses. 
At this time the auxiliary cell unites with the auxiliary cells of 
adjacent procarps, resulting in the formation of a large central cell 
within the conceptacle. The passage between this central cell and 
the carpogonium broadens. The sporophytic or fertilized carpo- 
gonial nucleus now passes into the large central cell. Since the 
sporophytic nuclei of all the procarps within the conceptacle 
migrate into this central cell, there are therefore over 100 sporo- 
phytic and also about the same number of gametophytic or auxil- 
iary cell nuclei included in this common cytoplasm. The two 
kinds of nuclei found in the central cell differ as regards their 
structure. The sporophytic nuclei are usually large, rich in chro- 
matin, and possess forty-eight chromosomes; the gametophytic 
nuclei are small, possess twenty-four chromosomes, and most of 
them gradually disintegrate. 

Each sporophytic nucleus moves to the periphery of the central 
cell, where it divides to form two nuclei. One nucleus enters the 
cell which has been formed on the outer surface of the central cell, 
while the other nucleus remains inside the central cell. From the 
cell produced on the external surface of the central cell, a chain of 
cells is formed in basipetal sequence. ‘These cells enlarge, become 
spherical, and when they have attained the size of tetraspores, 
gradually become constricted, separate, and finally escape from the 
conceptacle as carpospores. 


Germination of carpospores 
After the carpospores have escaped from the conceptacle, they 
begin to germinate within twenty-four hours. The first nuclear 
division is of the normal type and shows forty-eight chromosomes. 
The same is true of the second and third divisions. The sporelings 
continue to develop until the 17-celled stage is reached, all of the 
cell divisions being of the normal type and showing constantly 


forty-eight chromosomes. 
Summary 


1. The male and female plants of Corallina possess twenty-four 
chromosomes, while the tetrasporic plants have forty-eight chromo- 
somes. 
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2. During the formation of tetraspores the forty-eight chromo- 
somes become reduced to twenty-four. The tetraspores on ger- 
mination show twenty-four chromosomes, and since twenty-four 
chromosomes appear in the vegetative mitoses of the sexual plants, 
the inference is that the latter arise from tetraspores. 

3. The nuclei of the reproductive cells (spermatia and carpo- 
gonia) of the sexual plants possess twenty-four chromosomes. The 
sporophytic or fusion nucleus, as a result of fertilization, has forty- 
eight chromosomes. The sporophytic nuclei give rise by division 
to the carpospores, which also possess forty-eight chromosomes. 
The carpospores on germination show forty-eight chromosomes, 
and since forty-eight chromosomes appear in the vegetative mitoses 
of the tetrasporic plants, it is inferred that the tetrasporic plants 
originate from carpospores. 

4. The male and female plants are gametophytic, while the 
tetrasporic plants are sporophytic. The sporophytic generation 
begins with the formation of the sporophytic or fusion nuclei, 
extends through the formation of the cystocarp and carpospores, 
and finally terminates with the formation of tetraspores on the 
tetrasporic plant. With the formation of the tetraspores, the 
gametophytic generation commences. 

5. Thus Corallina is another clear example of the alternation 
of a sexual plant (gametophyte) with a tetrasporic plant (sporo- 
phyte), the cystocarp occurring as an early phase of the sporophytic 
generation. 


Toxyo HiGHER NORMAL SCHOOL 
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INTRA-OVARIAL FRUITS IN CARICA PAPAYA 


H. F. BERGMAN 
(WITH SIX FIGURES) 


An unusually interesting teratological phenomenon came to 
notice recently when in cutting open a fruit of papaya (Carica 
Papaya L.) five small secondary fruits were found within the seed 
cavity. Externally the fruit containing them was in no way 


a 
Fic. 1.—Papaya fruit cut longitudinally, showing seeds and secondary fruits in 
position; one secondary fruit turned over to show production of seeds; Xj. 


different from any other specimen to indicate the presence of the 
secondary fruits. These were attached near the basal end of the 
fruit, growing out from the placenta and replacing the seeds. In 
addition to the four conspicuous fruits there was found also one 
very much smaller. Fig. 1 shows four of the inclosed fruits in situ. 
Only the style and stigma of the fourth, the smallest fruit, is 
visible. 
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Four of the five fruits consisted of an ovary surmounted by a 
sessile stigma. The ovary was not completely developed, in any 
case only a single carpel probably being represented. Each of the 
four larger inclosed fruits produced seeds. This 
may be seen from the figure, one of the fruits 
being placed to one side and turned over to 

show the incomplete development and the pro- 

Fic. 2.—Sketch of Guction of ovules. The stigmas, instead of 
only partly visible in being flattened and laciniate, as in normal fruits, 
fig. 1; natural size. were capitate, considerably swollen, spongy, 

and with tuberculate surface. The smallest 
fruit has a very small ovary, without ovules, the capitate stigma 
being borne on an elongated style (fig. 2). The inclosed fruits 
were yellow, being somewhat paler than normal fruits. 


Fic. 3 Fic. 4 


Fics. 3, 4.—Fig. 3, portion of epidermis of secondary fruit showing stomata; 
160; fig. 4, portion of epidermis of normal fruit showing stomata; X160. 


A microscopic examination of the epidermis of these fruits 
(fig. 3) showed it to be made up of cells similar in shape but some- 
what larger than those of the epidermis of normal fruits (fig. 4). 
This similarity extended even to the presence of stomata. The 
guard cells were without chloroplasts. The only evident external 
difference in the epidermis of the inclosed fruits from that of 
normal fruits was in the absence of the coating of wax which the 
latter possesses in a marked degree. In cross-section the structure 
of the inclosed fruits resembles closely that of normal fruits, the 
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epidermis being thinner in the former. This and the absence of 
wax is probably due to the fact that they were not exposed. In all 
respects the seeds resemble those produced by a normal fruit. 
The embryo was found to be present in the several seeds examined, 
and to all appearances, so far as could be ascertained with a hand 
lens, was of normal form and size. 

Some two or three months after finding these specimens, 
another set of intra-ovarial fruits of papaya was supplied to the 
writer through the kindness of Dr. L. O. KUNKEL, of the Hawaiian 


Fic. 5.—Secondary fruits from seed cavity of papaya; slightly reduced 


Sugar Planters’ Experiment Station. These are shown in fig. 5. 
Only two of them are comparable in form and size to those shown 
in fig. 1. These two were rough surfaced, as may be seen from 
the illustration. The lower one of the three middle specimens 
shown in fig. 5 differed in being turbinate and smooth surfaced. 
In cross-section it was circular, without a seed cavity, but having a 
single vascular bundle near the center. All five fruits in this case 
wereaverylightcream color. Nomatured seeds were found, although 
the two larger ones had a placental surface with a few rudimentary 
ovules. The styles of the larger ones were filiform, tipped by a 
very small capitate stigma. An examination of the epidermis of 
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three of the five specimens showed it to be similar to that figured for 
the other specimens (fig. 3). 

These intra-ovarial fruits, although they occur on the placentae, 
cannot with certainty be regarded as metamorphosed ovules. 
Instead it is more probable that they were produced from buds 
which developed adventitiously in places which would normally 
be occupied by ovules. The occurrence of adventitious formations 
within the ovary replacing ovules has been observed by several 
botanists. MAsTeErs' figures and describes a silique of Cheiranthus 


Fic. 6.—Portion of papaya fruit showing secondary pistil as proliferation of stem 
axis; X1.25. 


Cheiri which contained an adventitious silique, replacing an ovule, 
within an ordinary silique, and also a grape which had another 
grape inside in the place of a seed. He also quotes and shows 
figures of a case described by BERKELEY? of a carnation in which 
the placentae bore both ovules and carpels. In this case transi- 
tional forms between the normal ovules and their carpellary trans- 
formations were found. Some of the carpels derived from ovules 
produced secondary ovules. MAsrTeErs states that in the carnation 


* Masters, M. T., Vegetable teratology. London. 1869. 
? BERKELEY, M. J., Gardener’s Chronicle, September 28, 1850 (p. 612). 
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specimens described by BERKELEY “the nucleus of the ovule was 
not developed.” No transitional forms between ovules and 
secondary fruits such as were described by BERKELEY in the 
carnation were found in these papaya specimens. 

The formation of secondary fruits within the ovary is evidently 
not uncommon in the papaya, and has been observed by many 
persons. It is said that in some instances the intra-ovarial fruits 
are exact models in miniature of the normal fruits. No informa- 
tion was obtained as to whether or not such fruits have a seed 
cavity with ovules or seeds. 

An instance of the formation, in a different manner, of a second- 
ary pistil within the seed cavity has also been observed. In this 
case the secondary fruit, instead of arising from the placenta in 
place of an ovule, occurred as a proliferation of the vascular axis 
which extends from the pedicel through the pericarp (fig. 6). The 
form of the pistil is not representative of the normal form in pistil- 
late flowers, but is of the type that is to be found in a petunia or 
other similar flower. On cutting the ovary transversely it was 
found that no seed cavity was present. A single vascular strand 
was located in the center. 

MASTERS refers to intra-carpellary prolification and states that 
“it occurs most frequently in plants having a free central placenta, 
though it is not confined to them, as it is recorded among Bora- 
gineae.” No instance is cited, however, of a proliferation of the 
form here described. 


UNIVERSITY OF HAwall 
HONOLULU 
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LEAVES OF CERTAIN AMARYLLIDS' 


AGNES ARBER 


(WITH EIGHT FIGURES) 


In a previous memoir’ attention has been drawn to the existence 
of leaves with a phyllodic type of anatomy among the Amaryllida- 
ceae. In the present paper it is proposed to discuss certain special 
cases drawn from this family. 


Leaf-anatomy of Narcissus 


The foliage leaves of Narcissus consist typically of a linear limb 
(fig. 1, 2) and a short sheathing base (>). In the very young leaves 
the sheath is relatively the more conspicuous organ, while the limb 
is scarcely developed. This relation is shown in fig. 2, drawn from a 
leaf which slightly exceeded 1 mm. in length. In N. Tasetta L. 
limbless sheathing leaves occur, in addition to foliage leaves in 
which both sheath and limb are developed. An examination has 
been made of the anatomy of the limb in the following species, 
representing the various sections of the genus: 


SUBGENUS EUNARCISSUS 
Section AyAx.—N. Pseudo-narcissus L. 
Section GANYMEDES.—N. triandrus L. 
Section QuEtTIA.—N. incomparabilis Mill., N. Jonquilla L., N. junci- 
folius Req., N. reflexus Lois. 
Section Genuini.—JN. biflorus Curt., N. poeticus L. 
Section HERMIONE.—N. Tazetta L. 


. SUBGENUS CORBULARIA 
N. Bulbocodium L., N. monophyllus T. Moore. 


Anatomy of the type interpreted as phyllodic? has been found 
in Narcissus Pseudo-narcissus, N. triandrus, N. incomparabilis, 


« This paper represents part of the work carried out during the tenure of a Keddey 
Fletcher-Warr Studentship of the University of London. 

2 ARBER, AGNES, The phyllode theory of the monocotyledonous leaf, with special 
reference to anatomical evidence. Ann. Botany 32:465-sor. 1918. 
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N. Jonquilla, N. biflorus, N. poeticus, and N. Tazetta; that is, in at 
least one species from each of the five sections of the subgenus 
Eunarcissus. The leaf of N. Tazetta may be taken as a type (fig. 3). 
In this species there is a single series of main bundles lying roughly 
midway between the upper and lower epidermis (7b), and a series 
of smaller bundles lying near the lower epidermis (1b’). These 


N. Bulbocodium 


b. C. Ze phyranthes 


Fics. 1-6.—Fig. 1, Narcissus sp. (garden var.): leaf showing relation of sheath 
to limb at maturity, Xo.5; fig. 2, Narcissus sp. (garden var.): young leaf, slightly 
more than 1 mm. long showing predominance of sheath; fig. 3, V. Tazetta L.: trans- 
verse section of limb of leaf, X14; fig. 4, N. Bulbocodium L.: transverse section of 
limb of leaf, X23; fig. 5, N. monophyllus, T. Moore.: transverse section of limb of 
leaf, X23; fig. 6, Zephyranthes candida Herb.: transverse section of limb of leaf, X14; 
l, limb; 0}, sheath; nb and nb’, series of normally orientated bundles; ib, series of 
inverted bundles (xylem in black, phloem in white, and outlines of lacunae in dotted 
line). 


strands are all normally placed with the xylem upward. In addition 
there is a series of inverted bundles (7b) toward the upper surface. 
N. triandrus has a slender grooved leaf with peripheral bundles, 
whose xylem faces inward. The leaf anatomy of N. Tazetta and 


YoungLeaf nb “4 
Z nb 
nb’ 
ib N.monophyllus 
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N. triandrus may be compared with that of other Amaryllids in 
which inverted bundles occur toward the upper surface, as Zephyr- 
anthes candida Herb. (Amaryllis nivea Schult.) (fig. 6). In these 
cases the structure is interpreted as indicating that the limb is of a 
petiolar nature. 

The only plants belonging to the subgenus Eunarcissus in which 
non-phyllodic anatomy has been found are NV. juncifolius Req. and 
N. reflexus,Lois.; in these all the bundles are normally orientated. 
This type of structure, however, although apparently rare in 


Fics. 7, 8.—Eurycles sylvestris Salisb.: fig. 7, leaf, petiole incompletely shown, 
Xo. 25; fig. 8, small part of righthand side of leaf near apex, Xo.5. 


Eunarcissus, is characteristic for the subgenus Corbularia. In both 
N. Bulbocodium (fig. 4) and N. monophyllus (fig. 5) only two series 
of bundles are found, both of which are normally orientated; the 
inverted series toward the ventral surface is absent. 

The interest of the leaf anatomy of Narcissus, from the stand- 
point of the phyllode theory, lies in the fact that within the same 
genus there are examples of phyllodic anatomy (fig. 3), and of a 
reduced form of anatomy (figs. 4, 5) in which the loss of the inverted 
bundles results in a structure to some extent simulating that of a 
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true lamina. That the anatomical type shown in figs. 4 and 5 is 
indeed a reduction from that shown in fig. 3, and that the series 
should not be read in the reverse direction, are suggested by the 
general morphology of the subgenus Corbularia. The extreme 
corona development and the tendency to zygomorphy in the hoop- 
petticoat daffodil, as CHuRcH™ has suggested, point to its being 
a more advanced and specialized type than the various forms of 
Eunarcissus. 


Pseudo-lamina of Eurycles 


The leaf of Eurycles sylvestris Salisb. furnishes a very char- 
acteristic example of what has elsewhere? been described as the 
“pseudo-lamina’”’ of the monocotyledon. The blade (fig. 7) is 
large. A herbarium specimen was measured in which it was 19 cm. 
long by 25.5 cm. wide. Fig. 7 shows that the primary skeletal 
system of this pseudo-lamina may well be interpreted as originating 
by the separation of the veins of the distal end of the petiole. The 
secondary and tertiary venation is also of interest from this point 
of view (fig. 8). A very large number of the secondary veins are 
unbranched and unconnected, and it is noticeable that the tertiary 
veins are extremely irregular; some pass from one secondary vein 
to another, some go from one secondary vein to a primary; while 
others leave a secondary vein, form a loop, and return to the vein 
whence they arose. The anomalous character of this venation 
seems not inconsistent with the view that the blade of the mono- 
cotyledon is an organ which is still at the experimental stage of its 
evolution from an expanded petiole. 


BALFOUR LABORATORY 
CAMBRIDGE, ENGLAND 


3 Cuurcu, A. H., Types of floral mechanism. Part I. Oxford. 1908. 
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A HOMOSPOROUS AMERICAN LEPIDOSTROBUS 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 283 


JoHn M. COULTER AND W. J.:G. LAND 


Strobili of Lepidodendron so perfectly preserved that they can 
be sectioned and their minutest structures studied are common in 
European coalfields. Many of these strobili show heterospory, 
the megasporangia being at the base of the strobilus, the micro- 
sporangia above. The extensive literature of the subject is fully 
cited by Scott’ and SEWARD,? and need not be repeated here. 
The extensive American coalfields, with but two exceptions, have 
yielded nothing but casts as yet. Perhaps the reason for this 
seeming scarcity of petrified material is that it has not been looked 
for carefully by competent observers. 

In 1911 there came to this laboratory from Professor Joun L. 
TiLton, of Simpson College, Indianola, Iowa, a well preserved 
fragment of a strobilus from the coalfields of Warren County, 
Iowa. This fragment, from above the middle of the strobilus, 
showed small spores, but of course nothing concerning heterospory 
could be determined. This specimen, the first American Lepi- 
dostrobus to be sectioned, was fully described by CouLTER and 
LAND.’ TILTON reexamined very carefully the place where the 
first fragment was found, and discovered several fragments of 
cones in a very good state of preservation, and evidently the same 
species as the first fragment. These he kindly sent to this labora- 
tory. A few fairly well preserved stems of Lepidodendron also 
have been received from the coalfields of western Indiana. No 
cones were found, but it is evident that these fields will repay 
intelligent search. 

Among the later fragments obtained from T1LtTon were four 
pieces which matched perfectly, showing clearly that they were 

t Scott, D. H., Studies in fossil botany. London. 1909. 

2 SEWARD, A. C., Fossil plants. Cambridge. 1910. 

3 CouLTER, J. M., and Lanp, W. J. G., An American Lepidostrobus. Bot. Gaz. 
51:449-453. figs. 23. 1911. 
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from the same strobilus, the tip being the only part missing. The 
restored strobilus was 22cm. long and 5 cm. in diameter at the 
base. The structures were well preserved, with the exception of 
the axis, which is replaced by calcite and pyrites. The strobilus 
is mature; the sporangia have all opened and are empty excepting 
here and there a few spores. Enough sections were made to show 
its character, from the base to the broken tip, the general condi- 
tion of the strobilus being almost exactly identical with that 
of the fragment described by CouLTerR and LAnp. There is no 
appreciable difference in size of any of the spores, both those in the 
basal sporangia and in the sporangia near the apex averaging 27 u in 
diameter. It seems probable, therefore, that this particular species 
of Lepidostrobus is homosporous, although it is possible that the 
spores found in the basal sporangia entered through the dehiscence 
slits. It would seem almost impossible that, in such a well 
preserved and compact strobilus, all of the megaspores, if there 
were any, could have escaped. The real solution of the problem 
lies in the finding of younger strobili which have not yet shed any 
spores. Negative evidence, however probable, is never conclusive; 
but the evidence in the present case is so strong that it seems safe 
to infer that this species of Lepidostrobus is homosporous. 

The form genus Lepidostrobus was originally established to 
include all of the strobili of Lepidodendron. Later it was found 
that all such strobili could not be included, even in a form genus, 
so that ‘‘true” Lepidostrobus is restricted to those strobili of 
Lepidodendron characterized by “the great radial elongation of 
the sporangium, and its attachment by a long and narrow inser- 
tion to the upper surface of the sporophyll-pedicel throughout its 
length.’ The chief interest in connection with these strobili is 
the question of heterospory. If heterospory has been attained by 
all these forms, the origin of the homosporous Lycopodiales is 
left in the region of the unknown. Certain species of Lepidostro- 
bus are known to be heterosporous, and all of them are suspected. 
In one well preserved specimen the microsporangia occur in the 
upper part of the strobilus and the megasporangia in the lower part, 
as in certain species of Selaginella. The inference has been that 


4Scort, D. H., Studies in fossil botany. London. 1909. 
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all the species of Lepidostrobus have probably reached the level of 
Selaginella in this feature, or, in other words, that Selaginella is 
the modern representative of this group. In the Lepidostrobus 
form referred to, the microspores are 20u in diameter, and the 
megaspores 800, so that there is no question as to the great 
differentiation in size. The discovery of a Lepidostrobus, therefore, 
which is evidently homosporous is worthy of record and considera- 
tion. If these old strobili included both homosporous and hetero- 
sporous forms, the history of the modern Lycopodiales would 
become simpler. It would also emphasize the independent origin 
of heterospory in lines which could by no possibility be related. 


UNIVERSITY OF CHICAGO 
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CURRENT LITERATURE 


BOOK REVIEWS 
A textbook of botany 


Fritcu and SALIsBuRY' have prepared a sequel to their Introduction to 
the study of plants. In the more elementary volume the microscopic details 


were omitted, and therefore the present volume supplies these details for 


those who wish to know more about plants. Although the anatomical structure 


and reproduction of plants are the main subjects, the authors have included 
enough physiology and ecology to relate structure to function, and to indicate 
the responses of structures. In connection with reproduction, also, there is a 
supplementary chapter on heredity and evolution. It is interesting to note 
that the authors have abandoned the old method of types, and have treated 
groups as a whole, which certainly results in a better conception of the organiza- 
tion of the plant kingdom. They have also developed the economic contact 
when appropriate, stating that the purpose is “‘to combat the frequent igno- 
rance of botanical students with respect to the economic aspects of their sub- 
ject.” This tendency is developing strongly in all the sciences, and is to 
be commended as developing a more general appreciation of science, and also 
as helping to do away with the old artificial distinction between ‘‘pure” and 
“‘applied”’ science. 

The first part of the volume, devoted to anatomy, is an excellent general 
presentation of the subject, and one that is needed. There has been a tendency 
in the more recent texts to deal chiefly with the anatomy of the reproductive 
structures, with perhaps some supplementary information in reference to 
vascular anatomy, omitting the numerous other structures that enter into 
the structure of plants. In the second part, the life histories of the great groups 
are considered in evolutionary sequence, relating the facts to conditions of 
living and to future progress. 

The volume is well illustrated, and should prove to be a valuable addition 
to the botanical texts for English students.—J. M. C. 


Principes de botanique 


It is a gratification to botanists, long familiar with the work of CHopart, 
to greet the third edition of his well known textbook.2 The first edition 


t Fritcu, F. E., and Sauispury, E. J., An introduction to the structure and 
reproduction of plants. 8vo. pp. viii+458. figs. 230. London: G. Bell & Sons. 1020. 

2 Cuopat, R., Principes de botanique. Troisiéme édition, revue et augmentée. 
pp. x +878. figs. g21. Genéve: Edition Atar. 1921. 
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appeared in 1907, and the third was ready in 1914, but its publication was 
prevented by the war and the unfavorable conditions of printing. The author 
has included the more important recent results of investigation, presented in 
his very attractive style, and with abundant illustrations. 

The organization of the subject is peculiar to CHopat, and therefore the 
volume has a flavor of its own. The four general divisions of the subject are as 
follows: “‘ Physiologie générale,” “‘La cellule, les tissus,”’ “‘ Physiologie spéciale,”’ 
and ‘‘Génétique.” The chapter topics under this general organization are 
often unusual. For example, practically everything usually treated under 
morphology, with the exception of anatomy, is presented under “special 
physiology,” the evident suggestion being that structures are only significant 
in connection with their functions. 

It is unusual for a book of nearly 900 pages to contain only ten chapters, 
and the subjects are suggestive of the organization. They are as follows: 
under general physiology, ‘‘ Constitution de la matiére vivante” and ‘“Capta- 
tion et transformation de l’énergie’’; under the cell and tissues, “La cellule,” 
““Organogénie,” and ‘Anatomie’; under special physiology, ‘‘Fonctions de 
circulation et d’élaboration,” ‘‘Fonctions de relation,’’ and “‘Reproduction”’; 
under genetics, “‘ Variations, hérédité,’’ and ‘‘Conclusion” (theories of the 
origin of species). The volume closes with a brief classification of plants.— 


MINOR NOTICES 


Dictionary of botanical equivalents.—ARTSCHWAGER and SMILEY have 
prepared a very convenient dictionary which gives accurate translations of 
technical terms which are not usually found in ordinary dictionaries. All 
technical terms have been omitted when the English equivalent would be 
practically a repetition of French and German terms of Latin or Greek origin. 
As the compilers state, it is ‘‘a practical hand-book, accurate within the 
limits set for it.” The publishers have also provided interleaved blank pages, 
so that users of the volume may amplify the list. It will certainly prove a 
very convenient volume for the reader of French and German botanical 
literature, both in saving time and in insuring accuracy.—J. M. C. 


NOTES FOR STUDENTS 


Chlorophyll inheritance.—Considerable interest has always been focussed 
upon reported cases of non-Mendelian inheritance. For the most part these 
have later been explained satisfactorily on a Mendelian basis, so that at the 
present time the only clearly recognized cases of non-Mendelian inheritance 


3 ARTSCHWAGER, ERNST, and SmiLey, Epwina W., Dictionary of botanical 
equivalents (French-English, German-English). 16mo. pp. ii+137. Baltimore: 
Williams & Wilkins Co. 1920. 
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are certain types of chlorophyll inheritance. WuNcE‘ makes a hopeful attempt 
to classify all known cases of chlorophyll inheritance according to the following 
scheme: 

I. The characters are situated in the nucleus and show Mendelian segre- 
gation, self-colored green usually being dominant. To this class belong the 
well known alniba, citrina, chlorina, variegata, and albomarginata forms of 
Melandrium, Antirrhinum, Pelargonium, Mirabilis, Urtica, Aquilegia, Lunaria 
(CorrENS, Baur, and others). The most complex case on record is one 
recently solved by LinpstrRoms in which the F, of a trihybrid gives the remark- 
able ratio of 36 green:9 virescent-white:7 yellow:12 white. 

II. The characters are situated elsewhere than in the nucleus and do not 
show Mendelian inheritance. This class is further split up in the following 
interesting way: (a) The characters are transmitted by the plastids them- 
selves. In this case plants which are endowed with both greenyand colorless 
plastids may, through the uneven distribution of plastids of the two types at 
cell division, give rise to pure green and pure white areas, really a ‘‘somatic 
segregation.” Such areas, through seed, will breed true to their local char- 
acter. There is one known case, the “mosaic” Pelargonium zonale of BAuR, in 
which plastids evidently accompany the male nucleus at fertilization, for 
here inheritance is bi-parental. In all other known cases no plastids accom- 
pany the male nucleus, and inheritance is strictly maternal. In this last 
group we find the albomaculata forms of Mirabilis (CoRRENS), Antirrhinum 
(Baur), and Primula (GREGORY). 

(6) Thecharacters are situated in the cytoplasm. In this case no thorough- 
going ‘‘somatic segregation” is possible. A “‘hybrid” plant, combining the 
character for normal chlorophyll development with the alternative character 
for chlorophyll deficiency, will have these characters well diffused and inter- 
mingled through the cytoplasm. At cell division there may result a somewhat 
uneven distribution of these effective elements in the cytoplasm, resulting in 
relatively “lighter” and “darker” afeas on the plant. This process of “‘dilu- 
tion,’ however, has never been known completely to “purify out” either of 
the elements. Pure albinos or pure green individuals are never produced by 
these ‘“‘hybrids.”” Here too we find in one case, the albomaculata form of 
Capsella (IkENO), the male nucleus seems to be accompanied by some cyto- 
plasm, since the chlorophyll inheritance is bi-parental. In the only other 
case on record, the albomaculata of Humulus (WINGE), the male evidently 
contributes no cytoplasm, for inheritance is strictly maternal. 

This classification seems fairly satisfactory, but it involves some funda- 
mentally different conceptions from those of CORRENS and Baur. Probably 


4 WINGE, O., On the non-Mendelian inheritance in variegated plants. Compt. 
Rend. Lab. Carlsberg 34:1-20. figs. 4. 1919. 

5 Linpstrom, E. W., Concerning the inheritance of green and yellow pigments 
in maize seedlings. Genetics 6:91-110. 1921. 
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the most significant fact, and one about which there can no longer be any 
doubt, is that chlorophyll inheritance is sometimes Mendelian and sometimes 
non-Mendelian. Naturally this suggests that other types of characters also 
may be, at least in some cases, non-Mendelian in inheritance —M. C. 
COULTER. 


Plagiotropic shore plants.—From the results of experiments carried on 
largely with Atriplex prostratum, TURESSON® reached the conclusion that the 
external factor causing prostrate growth is intense illumination, but that the 
growth movements are really geotropic in their nature. Emphasis is placed 
upon the fact that there are apparently two distinct sorts of plagiotropy, the 
one resulting from congenital habits of growth, and the other from response 
to environmental conditions. At times a single species, such as the one 
under experiment, will prove to consist of two such forms.—GeEo. D. FULLER. 


Haustoria of Meliola.—Miss DormpGe,’ in continuation of her studies of 
South African Perisporiaceae, has examined the haustoria of Meliola, whose 
species occur chiefly on leaves and shoots of forest trees and shrubs. She 
determined that the species are true parasites, sending haustoria into the cells 
of the host, penetrating the cuticle and in some cases sclerenchyma cells. 


The species differ in the length and character of the penetrating filament.— 


North American flora.—Part 2 of volume 32 includes a continuation of 
Rubiaceae by STANDLEY. The preceding part included 20 genera, to which the 
present part adds 41 more. Much the largest genera are Bouvardia with 30 
species (12 new) and Exostema with 26 species (5 new). The remaining 5 
new species are distributed among the smaller genera.—J. M. C. 


Vegetation of Paraguay.—Continuing his report on the scientific results 
of a botanical expedition to Paraguay, CHopaT® discusses the Apocynoceae, 
Urticales, and Araceae observed and collected. A number of new species are 


described, and rather extensive notes are made on distribution and ecology.— 
Gero. D. FULLER. 


6 TurEsson, GOTE., The cause of plagiotropy in maritime shore plants. Lunds 
Univ. Arsskrift. N.F. Avd.’2. 16:no. 2. pp. 32. pls. 2. 19109. 


7 DorwcE, ETHEL M., South African Perisporiaceae. VI. The haustoria of the 
genera Meliola and Irene. Trans. Roy. Soc. S. Africa g:117-127. figs. 7. 1921. 


8 CHopaT, R., La végétation du Paraguay. Fasc. 3. Geneva. pp. 291-379. figs. 
1920. 
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MORPHOLOGY of 
GYMNOSPERMS 


By Joun M. Courter end J. CHAMBEREAIN 


A revised edition.of Coulter and Chamberlain’s 
well-known work on Morphology of Gymnos perms 
is now offered, not only-for the use of investiga- 
tors, but for advanced students in this field. 

Each of: the seven great.groups is presented in 
detail, and the final chapter discusses the problem 
of phylogeny and points out the evolutionary tend- 
ency. Although some corrections and additions 
occur in the presentation of all the groups, the 
most. numerous changes will be found..in .the 
chapter on Cycadales, the _ group which . has 
received the most attention since the publication | 
of the former -edition. The most important 
addition is to the Bibliography, 150 titles being 
added to the 484 titles of the former book. This 
list will put the student in touch with the work 
of the last seven years. Thé book is equipped 
with an index and appendixes. 


“The most important general work on the 


gymnosperms which ‘has “ever appeared.” —E. C. 


JEFFREY in Science. 


478 pages, 402 iNustrations, 8v0, cloth; 
$5.00, postpaid $5.20 


The University of Chicago Press 


Chicago 


- BOOKS ON NATURAL SCIENCE 


Bought and Sold 
Catalogues free on application 


H. G. FIEDLER 
401 West 47th Street - . NEW YORK 


POSITIONS OF ALL KINDS 


Never was the demand so great for qualified teachers and 
specialists. For ten years we have given ouf time and 
om to this work. Write for our free literature. State 
qualifications briefly. 


Co-operative Instructors’ Association 
Marion Indiana 


From. the Cambridge University Press 


THE GENUS IRIS 


By WILLIAM RICKATSON DYKES 


With 48 colored plates and 30 
line drawings in the text 

This magnificent work brings together the avail- 
able information on all known species of Iris... The 
most striking feature of the book is the life-size colored 
plates, reproduced from originals drawn from living 
plants—making it 4 volume of remarkable beauty as 
well as of great scientific importance. . 

254 pages, demi folio, half morocco; price onrequest. 


The University of Chicago Press 
Chicago Illinois 


The Anatomy of Woody Plants 


(With 306 figures and illustrations) 


By E, C, JEFFREY 
Professor of Plant Morphology in Harvard University 


The author is easily the leaditig authority on the anatomy of 
plants: His book aims to describe, analyze, and discuss the anatomical 
structure ofthe most important families of plants. It does for the 


anatomy of plants what so many textbooks have done for the human 
anatomy. -The book will-be-of great service, not only to botanical 
instruction. everywhere, but: also to.paleobotany, for the study of 
vascular anatomy has revolutionized that subject. 


pages, cloth; $4.75, postpaid $4.05 


THE UNIVERSITY OF CHICAGO PRESS 
CHICAGO. 
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FINE INKS «xp ADHESIVES. 
For those who KNOW 


This .handy, compact. writing machine, 
Pteraal Writing Ink latest addition to the famed Remington 
Engrossing Ink family, is especially designed for intimate, 
Hi in s’ individual user It has the Standard. key- 
a pa Drawing Board Paste board, fits in a case four inches -high, turns 
Liquid Paste out beautiful, clean-cut work, can be carried 
everywhere and used anywhere. 
Are'the Finest and Best Inks and. Adhesives 


writing to do, can accomplish more work in 


Emancipste the use of sorrtelve and less time—and with more pleasure—with the 
-smelling mKS an esives an a e 
Higgins and Thay wail help of this friendly little companion. 


revelation to you, they are so sweet, clean, well ‘5 
put up, and withal so efficient. Price, with case, $60.00 in U.S.A. 
At Dealers Generally 


CHAS. M. HIGGINS & CO., Mfrs. |} || Remington Typewriter Company 
Branches: Chicago, London (Incorporated) 
271 Ninth Street Brooklyn, N.Y. 374 Broadway New York City 


‘THE LIVING CYCADS 


By CHARLES JOSEPH CHAMBERLAIN 
Professor of Botany in the University of Chicago 


This study includes investigations extending over fifteen years, that necessi- 
tated trips to Cuba, New Mexico, Australia, and Africa. The author studied all 
the genera and many of the species in the field, and preserved much material for 
later study in the laboratory. 

In the first part of the book is given an account of the distribution, general 
appearance, and field conditions of the cycads, together with some of the experi- 
ences of an investigation involving much travel in distant and varied countries. 
In the second part is presented the life-history of the group based largely on the 
author’s. own observations in the field and laboratory. Part IIL is. devoted to 
the evolution and phylogeny of the cycads, the opportunity for such a study 
being exceptionally favorable because the ancestry can be traced back through 
geological periods, and because the. extinct predecessors of the -cycads are the 
best known of the fossil-plants. 


xiv+172 pages, cloth; $1.50, postpaid’ $1.60- 


THE UNIVERSITY OF CHICAGO PRESS 
CHICAG 0 ILLINOIS 
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